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© Semiconductor device and process for producing the same. 

© Disclosed are a semiconductor device having a porous member as an active region, the porous member 
comprising a plurality of porous regions having different structures or compositions: and a process for producing 
a semiconductor device, comprising a step of modifying partially a non-porous substrate, and a subsequent step 
of making the substrate porous. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 



I,.. 

5 ol «J h ! T! inv ^ 0fr i Blates to 3 semiconductor device such as an electronic element, an optical 
element, and .ntegrated crdirt thereof which performs functions of light-emission, sensing, or the ike and 
also relates to a process for producing the semiconductor device. In particular, the present invention relates 
to a semiconductor device having a porous region and to a process for producing the device. 

o Related Background Art 

ac«ve~;te^n a r an9 * ^ ^ " * *" «""*"» - 

5 as S ^,^ l °r«, S !! CtUre , 0f > . Sem ' COndUC,0r CrySta ' " Gr0up W - ,or exan, P ,e - " ere "sed in the past 

l^SZ^ £ : e,a,ed t0 etear °" iC Pr0perties 01 ,he ™terial: the uses 

exa^l ■ h W 511,3100 UtiMzin9 CapabiB,y °' hi 9 h ^ 'or 

example. T. Unagami and M! Seki: J. Electrochem. Soc.. 125. 1339 (1978)) 

In recent years, the porous material is applied to an active region material of a gas sensor by utilizing 
the large surface area resulting from the porosity (see. for exampte. A. Motohashi. et al, Oyo Butsuri g2 

tSFZSfT <s ukl> Y ?° shu (Preprim 01 Autumnal Mee,in9 °< °' p^US^SS 

imoS;^ t " , * en0rnenon was discovered "»** is caused by a structure sufficiently fine for 
.mpnsonment of earner quantum (see L.T. Canham. Appl. Phys. Lett.. 56. 1046 (1990)). Since then studies 

apphcations. The functional appbeation of the porous material will possibly become an attractive novel 

^sT^zr:xz^r za6on of - ,unc,ionai - - * - 

, K! h r„!° r0U u materia '- M UnderS,ood ,rom "»» name - n « many voids in the space where the material is 

1,» -TZHZV- There ' 0re ' ^ S ' rUC,Ural Stfen9th is u ^ab.y low in comparison wTtt, tte Sse 
rnater^a.. Further tt,e absolute value of the strength naturaHy depends on the size. ^ 
forth of the remammg structure. A materia, of finer porous structure is generally more Wtle "han'tte on^ 
having a coarser structure. Accordingly, a coarse porous material is advantageous as fJL di^ 
funcfons are performed with the coarse structure. However, in application fields in whic^finTr s *urL™ * 
requ.red. the structural instability becomes a serious problem SUUCtUfe * 

SUMMARY OF THE INVENTION 

having" S£^^£ZZl^ l ° 'T * «— - S, ™* h « a semiconductor device 
improved ^^^^^ZZ ** """" "** * 
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Another object of the present invention is to provide a semiconductor device which performs a plurality 
of functions which cannot be achieved by a device having only one kind of porous regions and to provide a 
process for producing the device. 

5 BRIEF DESCRIPTlQJ&ipF THE DRAWINGS 

Fig. 1 is a schematic diagram showing an embodiment of a semiconductor device having a plurality of 
different porous regions of the present invention. 

Figs. 2A and 2B illustrate schematic sectional views showing an embodiment of element construction of 
;o a semiconductor device of the present invention. 

Rgs. 3A to 3F illustrate sectional views showing an embodiment of the process for producing a 
semiconductor device of the present invention. 

Figs. 4A to 4F illustrate sectional views showing an embodiment of the process for producing a 
semiconductor device of the present invention. 

75 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The semiconductor device having a porous member as an active region of the present invention 
comprises a plurality of porous regions having different structures or compositions. 
20 In one embodiment, the structure or composition changes discontinuously between the plurality of 
porous regions having different structures or compositions. 

In another embodiment, the structure or composition changes continuously between the plurality of 
porous regions having different structures or compositions. 

In still another embodiment, a porous region having a fine structure is supported by a porous region 
25 having a coarse structure. 

The process for producing the semiconductor of the present invention comprises modifying partially a 
non-porous substrate, then making the substrate porous. 

The another process for producing the semiconductor of the present invention comprises making a non- 
porous substrate porous by changing working conditions of porous structure formation. 
30 The semiconductor device of the present invention has a plurality of porous regions having different 
structures or compositions. Some active regions may have a fine porous structure and perform a function of 
the main purpose, while other regions may have a coarse structure which has sufficient strength to support 
the aforementioned fine porous region structurally. Thereby the semiconductor device serves as a 
practically useful porous material without impairing the intended function. 
35 Regions other than the main fine porous regions may be porous regions which have a structure and a 
composition showing a function and characteristics different from the main fine porous regions. Thereby a 
semiconductor device is provided which has porous active elements having multiple functions without 
impairing the main object. 

In the process for producing a semiconductor device of the present invention, a non-porous material is 
40 made porous by utilizing a material difference of the non-porous material or by changing the working 
conditions. Thereby a semiconductor device is producible practicably which has a plurality of porous 
regions having different structures or compositions. 

The embodiment of the semiconductor device and the process for producing it are described below in 
detail by reference to drawings. 

45 

[ Structure of Semiconductor Device ] 

Symbol "a" of Fig. i illustrates schematically the porous regions having different structures or 
compositions of a semiconductor device of the present invention. In symbol "a" of Fig. 1, the semiconduc- 

50 tor device of the present invention comprises at least two porous regions 1. 2. 3. etc. having different 
structures or different compositions. 

If the region 2 is the porous region having a fine structure of a composition which performs the intended 
function of the device, the region 1 has a structure or a composition which gives a sufficient structural 
strength. Thereby, the region 1 supports the region 2 to supplement the insufficient structural strength of 

55 the region 2 and to make the element practicably stable. If the region 2 is the porous region having a fine 
structure or a composition which performs the intended function of the device and the region 1 is a porous 
reg.on having a different function or characteristics from the region 2. then the device has the both functions 
or properties of the regions 1 and 2 without impairing the main function of the region 2. 
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,„ JTT S C °' * 9 ' Sh ° W ,he di,,efence ^een the regions 1 and 2 in terms of spatial 

change of Parameters of the structure or composition. This change may be abrupt and discontinuous as 
shown in symbol b or otherw.se may be gradual and continuous as shown in symbol "c' In the former 
f„ a ? h V,=! Charac,e ; is,i « **** imerf8Ce between «"« 'eQions may be utilized as the (unction of the element, 
m the latter case, disadvap^ges caused by nonconformity between the regions may be reduced 

The region 3 and following regions including the region 3 may be a porous region which has a structure 
or compos.t.on different from that of the region 1 or 2. or the same structure or composition as that of the 
reg,on 1 or 2. Otherwise, the region 3 and following regions may be not of the porous structure and may be 
wim erterior 9 stre " 9,h 01 havin 9 excellen « signal-energy transmission ability 

Figs 2A and 2B are schematic cross-sectional diagrams of a semiconductor device, showing more 
specifically embodiment of the aforementioned concept of the element construction. Fig. 2A is a cross- 
sectional view of an example in which the porous regions having different structures or compositions are 
formed on a substrate in layers parallel to the substrate surface. Fig. 2B is a cross-sectional view of another 
example which has different porous regions partially on the substrate. 

In Figs. 2A and 2B. the porous regions are formed on a non-porous substrate 0 and are constructed 
from a porous regions 1 and 2 having a structure or composition different from each other 

If the porous region 1 is the active area which has a brittle structure of structure strength and the 
porous region 2 has a strong structure, then the stability in structure of the entire element is achievable by 
either one method of Figs. 2A and 2B. 

Even when direct transmission of signal or energy to the porous region 2 is difficult, the transmission 
can be practiced through the porous region 2 to the porous region 1 if the porous region 2 is capable of 
satisfactory transmission. 

Figs. 2A and 2B illustrate the case where two kinds of porous regions are involved. Naturally, additional 
different porous regions may coexist. 

( Process for Production J 

The formation of a plurality of porous regions according to the process for producing a semiconductor 
and 2B 8 " 9 * '"^ """"^ " deScribed ***** elemerrt construction shown in Figs. 2A 

.hp in maki ? 9 8 . n _° n - porous ma,ena ' P° rous b V working such as etching, the spatial structure of 

he formed porous ma.enal depends largely on the structure and composition of the non-porous material or 
the working conditions. For example, in formation of porous silicon by anodization of crystalline silicon the 
remaining structure of the porous silicon varies from several urn to several nm and the network structure of 
1h>oT,k S Va " 8S 9re8,ly dependin9 °° kind and ,he concentration of impurity in the crystalline 

S^SSS." - concen,ra,ion " ,he anodiza,ion so,u,ion - ,he elec,ric correm densi * - ,he 

Production Example 1 

'VT* 4 „ haVin9 f e ' ent StfUCtUre ° r c ° m P° si «°" 'orrned preliminarily on a non-porous substrate 

sr^s^r 3A and 36 This * conducted * ,ocai ion * <° 

Subsequently, the substrate is subjected to working 5 from the surface of the substrate 0 for making the 

T^irrJ? 9 * ? 0 "* 3D> ' ,he WOrki " 9 '° r POfOSi,y inC,udino ,he aforementioned anodization^ 
o! 9 ™^? 1 em f UC ' Ufe °' COm P° si,ion lurn P<"Ous regions . and 2 different in the structure 

An r T °f "™ Under *" • ama C ° ndi,i0nS °' workin 9 ,or P° rosi, y < Fi 9S- 3E and 3F) 

An element having a plurality of porous regions is produced in such a manner. 

Production Example 2 

A plurality of different kinds of porous regions can be formed by forming the regions by changing the 
working conditions for porous structure formation. cnang.ng me 

A process for realizing the element structures of Figs. 2A and 2B is illustrated in Figs. 4A to 4F Non- 

~ 5 W 0 h T 9 8 Un "° rm C ° mP0Si,i0n iS empl0yed ™* 4A and 4B > Th ° "on porous mateHans 
made porous by working under a certain conditions A to form a porous region 2 (Figs 4C and 40) To 
make the construction of Figs. 4B. 4D and 4F. a protection measure has to be taken no. to mL porous tie 
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region other than the porous region 2. Specifically, patterning of a protection film, or a like measure is 
useful. Subsequently. ( the material is subjected to further porous structure formation working 7 under 
conditions B different jfrpm the conditions A (Figs. 4E and 4F). Thereby, in the element construction (Fig. 
4E). a further porous* ktgion 1 is formed additionally inside the porous region 2 with the porous region 2 
5 kept unchanged. OnJty other hand, in element construction (Fig. 4F). a porous region 1 is formed in the 
region other than the porous region 2 if the porous region 2 is protected. If the porous region 1 may be 
formed directly below the porous region 2 in the construction (Fig. 4F). the protection of the region is not 
necessary. 

In the case where a spatial modulation of working conditions is possible, the aforementioned protection 
w and two-step working is not required, and steps of Figs. 4D and 4F may be conducted simultaneously. 

The change of the working conditions leads to a change at least in the structure or, in some cases, in 
the composition, of the formed porous material, thereby enabling to give different structures or composi- 
tions of the porous regions 1 and 2. 

The processes for producing a semiconductor device of the present invention are described above by 
75 reference to Figs. 3A to 3F and Figs. 4A to 4F. in which the composition of the starting material for the 
porous material or the working conditions are changed respectively. Both methods may naturally be 
combinedly employed. * 

The above description is made regarding the production of elements having two kinds of porous 
regions. It is evident naturally that more than two kinds of layers of element structure can be formed in a 
20 similar process. 

Further, the change of the structure or composition between the different porous regions may be 
selected readily to be discontinuous and abrupt, or continuous and gradual by controlling the spatial change 
of the preliminarily formed different structures or compositions, or controlling the time and spatial change of 
working conditions. 

25 The construction of the element of the semiconductor device and the process for production thereof of 
the present invention are described more specifically by reference to typical examples. 

Example 1 



45 



A light-emitting element employing a porous silicon having an element structure of Fig. 2A was 
produced by the process shown in Figs. 3A to 3F. 

A monocrystalline silicon wafer of plane orientation [100} doped with boron having resistivity of 0 2 
0-cm was used as the substrate and starting non-porous material. This wafer was oxidized by thermal 
oxidation to form SiCfe layer of about 20 nm thick. Then phosphorus ions accelerated to 25 keV were 
.mplanted to the front face of the wafer at a dose of 7 x 10" cm"' by an ion implantation method. To the 
back face of the wafer, boron ions accelerated to 40 keV were implanted at a dose of 4 x 10 U cm" 2 The 
implanted ions were activated by rapid thermal annealing in a nitrogen atmosphere at 1050 -C for one 
m.nute. Thereafter the SiQ? layer was removed by using aqueous dilute hydrofluoric acid solution The 
wafer was immersed in an aqueous 20 wt% hydrofluoric acid/ethanoi solution between a pair of parallel 
plate platinum electrodes such that the portion other than the faces of the wafer was insulated The 
electrode confronting the wafer front face was employed as the anode, and the wafer was anodized for 2 
m.nutes by applying DC voltage between the platinum electrodes by controlling the current density constant 
at the wafer face at 10 mA«cm -2 . 

The surface of the resulting anodized silicon wafer was maintained in a mirror-polished state without 
formation of a crack or other defect, but the surface was observed to have discolored owing to the formation 
of poroaty. The porosity formation was confirmed by observing a cross-section of a separately prepared 
sample w.th a h.gh-resolution electron microscope. The anodization proceeded to the depth of about 3 urn 
from the surface of the wafer to form a porous layer. By more careful observation, the outermost thin layer 
of about 0.1 urn thick had a coarse structure of several hundred nanometers or more, while most part of the 
region between the above-mentioned outermost thin layer and the interface with the non-porous portion of 
the silicon substrate contains a superfine structure of as small as several nanometers. The thin coarse- 
structure layer ,n the vicinity of the surface is considered to correspond the surface layer which had 
become n-type by phosphorus ion implantation and annealing for activation practiced prior to the an- 
odization. On the other hand, a wafer which was anodized without ion implantation at the surlace had a 
un.form porous layer of a superfine structure and was brittle, so that the porous layer cracked soon after the 
anodization. or collapsed by slight touching. 

After confirmation of sufficient stability of the porous layer of the wafer having been subjected to 
phosphorus ion implantation and anodization. an ITO film of 150 nm thick was formed on the surface of the 
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water. The ITO film was patterned into several islands of 2 mm square. To each of the islands of ITO film a 
ead-oul electrode was provided by usual wiring technique of the IC process. Over the entire ot the back 
lace of the wafer, aluminum film of 400 nm thick was formed as the lower electrode 

With the element priced above. DC current was made to flow between the electrodes on the both 
laces ot the wafer. The^lement exhibited rectification characteristics to flow electric current with the back 
face electrodes employed as the anode, and emitted visible orange light with the threshold voltage of about 
5 V. This light emission is considered to be due to electroluminescence caused by current injection into the 
superfine porous silicon layer through the junction interface between the coarse n-type porous layer and 
directly under p-type porous layer. 

In this Example, of the two porous layer having different structure/composition, the thin coarse n-type 
porous layer on the front side of the wafer, with its structural strength, prevents collapse of the directly 
under superfine porous layer, and simultaneously functions as high efficient current-injecting layer for 
injecting current into the superfine porous layer on application voltage to the element. Thus the element 
structure havmg a plurality of porous regions play simultaneously two roles of maintaining both the function 
and structural strength and of performing a plurality of functions. 

Example 2 * 

A gas sensor element employing a porous silicon having a structure of Fig. 2B was produced bv the 
process shown in Figs. 4B. 40 and 4F. 

A monocrystalline silicon wafer of plane orientation [110] doped with boron having resistivity of 10 
0 - cm. and having been polished on both sides was used as the substrate and starting non-porous material 
This wafer was oxidized by thermal oxidation to form SO* layer of about 30 nm thick. On the back face of 
he water, photoresist was applied, and the applied photoresist was patterned by conventional lithography to 
leave resist pattern of 5 urn wide on 10 urn-square lattice lines. To the back face of the wafer, boron ions 
accelerated to 50 keV were implanted at a dose of 5 x 10" cm"*. The resist was peeled off. and the wafer 
was subjected to annealing for activation in a nitrogen atmosphere at 950 -C tor 30 minutes. Then the SiO, 
layer was removed by use of dilute hydrofluoric acid aqueous solution. 

The wafer was anodized in the same manner as in Example 1 except for the hydrofluoric acid 
concentration of 25 %. the current density of 5 mA-cnr*. and the anodization time of 10 minutes 

In the wafer having been subjected to local ion injection like the one of this Example, the three- 
dimensional structure seemed to be maintained at least although significant change of color of the surface 
is exhibited and the surface is not in a mirror-polished state. 

The cross-section of the wafer was observed by high-resolution electron microscopy. As the results it 
was found that the porous layer had an average thickness of about 2.5 urn. the interface between the 
porous layer and the substrate silicon was not flat and projections and hollows were repeated gently at a 
cycle of about 10 urn, and the remaining structure of the porous layer changed from a coarse structure to a 
superfine structure continuously and synchronously with the projections and hollows. The periodical 
structure is assumed to be due to the two-dimensional distribution of the resistivity caused by local boron 
ion implantation at the back face of the wafer, and the corresponding spatial modulation of the electric 
current in the plane on the anodization. The structural strength of the entire porous layer is considered to be 
achieved by the coarse structure which supports mechanically the interposed superfine porous regions 

For comparison, a wafer was prepared which was implanted with ions uniformly on the back face 

S°wash!nn ™ S <° "» l,a P*° spontaneously a. the porous surface immediate.^ 

after wash.ng and drying of the wafer, and the electron microscopical observation was not feasible 
plp F ^ ly ' * tt " ^«"™9 '"e sunken, stability of the porous layer of the wafer surface, an aluminum 
electrode was deposited by mask vapor deposition in a thickness of 300 nm on the front lace of the wafer 
and aluminum film was formed in a thickness of 400 nm over the entire of the back face by sputtering 
,h» , de ^ nden " of e,ec,ric characteristics on the atmosphere around the element was investigated with 
the element formed between the electrodes on the both faces of the wafer prepared in th.s Example The 

t 2 kT V T e ' emem ^ meaSUfed by varyi " 9 ,he amounl °» va P° r °« wa «<* °' atohol in the air 
In the both cases, the electric capacity of the element increased gradually wlh .he amount ol vapor with 
saturation tendency, which shows the function of the element as a gas sensor 



Example 3 



A light-emitting element employing a porous silicon having an element structure of Fig 2A was 
produced by the process shown in Fig. 4A. AC and 4E. 



6 



EP 0 584 777 A1 



A monocrystalline silicon wafer of plane orientation (111) doped with boron having resistivity of 1 O^cm 
was used as the substrate and suiting non-porous material. On the entire of the back face of the wafer, an 
aluminum film of 400 jnm thick was formed, and annealed in a hydrogen atmosphere at 400* C for 30 
minutes. Then only thi ajrface of the wafer was immersed in aqueous hydrofluoric acid/ethanol solution the 
wafer was anodized basing the aluminum film of the back face as the cathode and an opposing platinum 
electrode as the anode.! The hydrofluoric acid concentration of the etching solution was 35 %, and the 
current density and the anodization time were varied successively in seven steps as shown in the Table 
below. 

Table 1 



Step 


Current density (mA-cm~ J ) 


Anodization time (minutes) 


1 


0.5 


20 


2 


5 


4 


3 


10 


2 


4* 


5 


4 


5 


15 


1.5 


6 


5 


4 


7 


20 


1 



The surface of the resulting anodized silicon surface was kept in a mirror-polished state without 
formation of a crack or other defect, but the surface was observed to have discolored owing to the formation 
of porosity. The cross-section of the sample was observed. As the results, the outermost surface layer of 
about 10 urn in a total thickness had a coarse structure and the under portion had a superfine porous 
structure- According to more careful observation, the superfine porous layer was composed of six layers, 
and the respective layers had slightly different structure from each other although the differences were not 
so significant as the difference between the outermost layer and the inner layer. Naturally, the differences of 
the structure among the layers are caused by the change of the electric current density during the each 
porous layer formation. 

After confirmation of the sufficient stability of the porous layer of the wafer surface, a thin gold film of 20 
nm thick was deposited on the wafer surface by mask vapor-deposition. 

With the element prepared above, DC current was made to flow between the electrodes on the front 
and back faces of the wafer. The element exhibited rectification characteristics to flow electric current with 
the electrode on the back side employed as the anode, and emitted slightly warm-colored white visible light 
with the threshold voltage of about 10 V. This light emission is considered to be due to electroluminescence 
caused by current injection through the interface of gold of Schottky type junction into the superfine porous 
silicon layer. 

The spectrum of the light emitted by the element showed that the light had a relatively flat emission 
strength over the range of from 500 nm to 800 nip or more. If the superfine porous silicon layer is formed 
under fixed conditions, the light emission spectra will distribute broadly and have a peak which tends to 
shift shorter wavelength corresponding to finer porous structure. Therefore, the white light emitted by the 
light-emitting element of this Example is considered to be due to the appropriate superposition of emission 
spectra of a plurality of porous layers having different size of structures. 

As above, a plurality of the porous layers of the element coexist to perform a plurality of functions 
without impairing the functions of the respective layers, thereby achieving the second object of the present 
invention. Further, the first object of the present invention is simultaneously achieved in that the porous 
layer of the coarse structure at the outermost layer supports mechanically the layer of the under portion 
having a brittle superfine structure to achieve structural stability of the element. 

Example 4 



A light-emitting element was prepared by employing porous silicon and silicon-germanium. A mon- 
ocrystalline silicon wafer of plane orientation [100] doped with boron having resistivity of 10 O-cm. To the 
back face of the wafer, boron ions accelerated to 40 kev was implanted at a dose of 4 X 10 1 * cm" 2 , and 
subjected to annealing for activation in an nitrogen atmosphere at 1000 ' C for 10 minutes. 

On the front face of the wafer, a multi-layered film having a quantum well structure of Si SiGe was 
formed by low pressure CVD as follows. Firstly, a Si 095 6e 0 .o5 buffer layer of 300 nm thick was formed on 
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the wafer. Then, formation of an Si o .0Ge OJ layer of 5 nm thick and subsequent formation of an Si layer of 20 
nm thick were repeated 20 times. Finally a boron-doped Si layer of 150 nm thick was formed thereon. 

Over the entire of thejback face, an aluminum film of 400 nm thick was formed, and was annealed in a 
hydrogen atmosphere at 40tr,C for 30 minutes, 
i Subsequently, anoo^jon was conducted in the same manner as in Example 3 except that the 
hydrofluoric acid of the etching solution was 45 %, the electric current density was 20 mA.cnr 2 , and the 
anodization time was 2 minutes. 

The surface of the resulting anodized silicon wafer surface was kept in a mirror-polished state without 
formation of a crack or other defect, but the surface was observed to have discolored owing to the formation 

> of porosity. The cross-section of a separately prepared sample was observed with a transmission type 
electron microscope, and found that the porous layer had a total thickness of about 1.5 urn and the portion 
of the porous layer of from the surface to a depth of about 150 nm had a coarse structure. This coarse 
structure is considered to be formed from high-concentration boron-doped Si layer by porous structure 
formation. The muftilayer region of Si/SiGe quantum well immediately below the coarse portion are equally 

i of a superfine structure, and the difference of the structure caused by the difference of the composition was 
not detected because of the extreme thinness of the respective layers. The superfine structure portion is 
considered to be supported* by the coarse structure layer on the surface without spontaneous collapse. 

Then, an aluminum electrode was formed in a shape of a comb on the front face of the wafer. 

With the element prepared above, DC current was made to flow between the electrode on the front and 

> back faces of the wafer, whereby visible light was emitted at a room temperature in the current direction 
where the electrode on the front face was used as the anode. The spectrum of the emitted light had a 
distinct peak at about 650 nm. and the emitted light was highly monochromatic. This is presumably due to 
the fact below. The superfine porous structure was given to the two-dimensional quantum well structure of 
the original mufti-layered film prior to porous structure formation, whereby a three-dimensional quantum well 
structure having relatively uniform enclosure size. Consequently, in a non-porous multilayered film, the 
wavelength of the peak of the emitted light which was at the longer wavelength side than the more highly 
monochromatic light shitted to the shorter wavelength side, while in the porous film of Si or SiGe which is 
not of a multi-layered structure, the broad spectrum of the visible light emitted at a room temperature 
became sharp. 

In such a manner, a plurality of the porous layers of the element coexist to perform a plurality of 
functions without impairing the functions of the respective layers, thereby achieving the second object of the 
present invention. Further, the first object of the present invention is simultaneously achieved in that the 
porous layer of the coarse structure at the outermost layer supports mechanically the layer at the under 
portion having a brittle superfine structure to achieve structural stability of the element. 

Example 5 

A light-emitting element was prepared by employing porous silicon and gallium-aluminum-arsine 
A monocrystalline silicon substrate of plane orientation [100] doped with boron having resistivity of 10 
n-cm was prepared. To the back face of the substrate, boron ions accelerated to 50 keV were implanted at 
a dose of 5 X 10 1 cm"? and activated by thermal annealing in a nitrogen atmosphere at 950 *C for 30 
minutes. On the front face of the wafer, a gallium-aluminum-arsine layer of 1 am thick was formed by an 
proces u s : and further tnereon a silic °n layer doped with high concentration of arsine was epitaxially 
materia? * * * ^ ™ * ^ * su PP ortin 9 ^bstrate and non-porous starting 

Then anodization was conducted in the same manner as in Example 1 except that the concentration oi 
the hydrofluoric acd in the etching solution was 25 %. the current density was 10 mA-cm^ and the 
anodization time was 10 minutes. * 

The surface of the resulting anodized silicon wafer was kept in a mirror-polished state without formation 
of a crack or other defect, but the surface was observed to have discolored owing to the formation of 
poros.ty. The cross-section of the sample was observed by electron microscopy, and found that a multi- 
layer structure was formed in which the outermost silicon layer had a coarse structure, the directly under 
gan,um-alummum-arsine layer had a superfine structure, and the region anodized to the silicon substrate 
had a superfme structure. At least, the outermost layer of the coarse structure surely gave additional 
s ructura. strength to the superfine porous layer to stabilize it. Practically, aluminum in the gallium 
a.um,n,um-ars,ne layer is damaged by hydrofluoric acid, and the anodization of gall.um-arsine gives only a 
bnMe porous matter. Therefore, a sample which had been anodized without preliminary formation of an 
outermost silicon layer could not be used for subsequent process such as electrode formation 
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Finally, on each face of the wafer, the electrode was formed in the same manner as in Example i. 
DC current was made to llow between the electrodes of the element, and the edge face of the 
lamination structure was observed. Thereby light was found to be emitted from the galJium-aluminum-arsine 
layer having a superfine<*>orous structure. The intensity of the emitted light was about ten times that of the 
non-porous gallium-ajuj^num-arsine. and the peak wavelength shifted by about 100 nm to the high energy 
side. These results are i considered to result from a kind of multiple quantum well structure formed by 
porous structure formation of a superfine structure of gallium-aluminum-arsine. 

As described above, the semiconductor device of the present invention has a plurality of porous regions 
having different structures or compositions: some porous region has fine structure performing the main 
function of the device, and another porous region has a coarse structure having sufficient strength to 
support the fine porous region structurally. Thereby, a semiconductor device is provided which employs 
porous functional material having practicably sufficient strength without impairing the intended function. 

The process of the present invention produces a semiconductor device having a plurality of porous 
regions having different structures or compositions readily with sufficient contro lability by modifying partially 
a non-porous material and subsequently making the material porous, or by changing the treating conditions 
for porous structure formation, or by a like method. 

Disclosed are a semiconductor device having a porous member as an active region, the porous 
member comprising a plurality of porous regions having different structures or compositions: and a process 
for producing a semiconductor device, comprising a step of modifying partially a non-porous substrate, and 
a subsequent step of making the substrate porous. 

Claims 

1. A semiconductor device having a porous member as an active region, the porous member comprising 
a plurality of porous regions having different structures or compositions. 

2. A semiconductor device according to Claim 1. wherein the plurality of porous regions comprises a first 
porous region having a fine structure and a second porous region having, a coarse structure for 
supporting the first porous region structurally. 

3. A semiconductor device according to Claim 1. wherein the structure or the composition changes 
discontinuous^ between the plurality of porous regions having different structures or compositions. 

4. A semiconductor device according to Claim 1. wherein the structure or the composition changes 
35 continuously between the plurality of porous regions having different structures or compositions. 

5. A process for producing a semiconductor device, comprising a step of modifying partially a non-porous 
substrate, and a subsequent step of making the substrate porous. 

40 6. A process for producing a semiconductor device according to Claim 5. wherein the step of modifying 
partially the non-porous substrate is partial ion implantation. 

7. A process for producing a semiconductor device, comprising a step of making the non-porous 
substrate porous by changing the working conditions for porous structure formation 

45 

8. A process for producing a semiconductor device according to Claim 7. wherein the step of making the 
non-porous substrate porous is anodiiation, and the non-porous substrate is made porous by chancing 
current density and anodization time stepwise. 
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